Introduction. This study examined the predictive value of four learning-related emotionsEnjoyment, Anxiety, Boredom and Hopelessness for achievement outcomes in the first year of study at university.
Introduction
The first year of university is a crucial area to investigate, notoriously recognized as a period of transition in which a significant majority of students experience adjustment difficulties. The struggle of this transition period involves novel situations that challenge students to make academic, social, and emotional adjustments in order to adapt to their new educational environment (Baker & Siryk, 1984; Daniels et al., 2014; Pascarella & Terenzini, 1991) . Tinto's (1987) research provides a classic demonstration of how students' adaptation to a new learning environment is the key to understand how they perform academically. Likewise, other studies have shown that poor adjustment was linked to low achievement scores (Credé & Niehorster, 2012) and even withdrawal at the course level (Ruthig et al., 2008) . For instance, Credé and Niehorster's (2012) meta-analysis found correlations between college GPA and different adjustment constructs -ranging from r = .09 (for social adjustment) to r = .32 (for academic adjustment).
In relation to adaptation, classical approaches have also identified that student variables -such as personality, cognitive factors or demographics -are indeed able to predict achievement outcomes in college (Arias Ortiz & Dehon, 2013; Credé & Niehorster, 2011 Noftle & Robins, 2007; Poropat, 2009) . For example, a meta-analysis of the Five Factor Model of Personality (Poropat, 2009) finds Conscientiousness consistently associated with college GPA (a population correlation of r = .24). Despite reaching acceptable predictive values for achievement outcomes in these approaches, which focused on student variables, substantial variance has been left unaccounted for (Pascarella & Terenzini, 2005) .
More recently, contemporary research has introduced the importance of academic emotions on achievement outcomes (Pekrun & Linnenbrink-Garcia, 2014 ). Pekrun's work (2000 Pekrun's work ( , 2006 has emerged as one of the first frameworks to acknowledge the centrality of emotions in achievement settings. This line of research demonstrates relatively stronger relationships with achievement outcomes, as shown in substantial correlations of discrete emotions and individual performance in the .30 -.50 range .
Over the past twenty years, serious theoretical advances have been made on understanding the role of academic emotions in achievement situations (Goetz et al., 2006; Pekrun, 1992; Stöber & Pekrun, 2004; Zeidner, 1998) . However, a lack of empirical research exists on the role these emotions have in explaining achievement outcomes (Linnenbrink, 2006; Elliot http ://dx.doi.org/10.14204/ejrep.37.15012 and in explaining ecologically valid situations (such as when students enter university). Therefore, to better predict achievement outcomes in the first year of college, more research is needed on the role of academic emotions in these settings. To fill in this gap, our study aims to investigate the predictive value of achievement emotions on course outcomes among first year university students.
In the following section, we will first introduce academic emotions and then describe the particular types of academic emotions experienced within the different settings of a course. Next, we will summarize the empirical evidence linking academic emotions with achievement outcomes in the first year of university -more specifically, in mathematics and statistics courses. We conclude this section with the specific aim and the hypotheses of our study.
Conceptual framework
To get a better understanding and prediction of achievement outcomes, contemporary research on self-regulated, motivational and emotional learning has emphasized aspects of students' psychological well-being and the resulting influence on academic achievements (Pekrun et al., 2002; Tempelaar et al., 2012) . To date, two recent review studies (Robbins et al., 2004; Richardson et al., 2012) conclude that individual characteristics, such as selfefficacy, effort regulation, and achievement motivation are highly correlated with learning outcomes. In particular, Pekrun's work (2000) expands on this perspective and describes academic emotions as subjective experiences, which arise as a reaction to the course setting. Academic emotions are defined in this context as "emotions that are directly linked to achievement activities and outcomes" (Pekrun et al., 2011, p. 37) . Therefore, research on academic emotions prompts a re-appraisal of the classical models on self-regulated and motivational learning, to address the student experience within a specific course (Pekrun et al., 2002) . Of particular relevance is the role of academic emotions in abstract or difficult subjects, such as Mathematics and Statistics. In such courses, even for students with high cognitive abilities, learning is impeded by negative attitudes and beliefs students hold towards such courses (Gal & Ginsburg, 1994; Garfield & Ben-Zvi, 2007) . Not surprisingly, research shows that students experience elevated levels of unpleasant emotions when enrolled in courses on Mathematics or Statistics (Dettmers et al., 2011) . Furthermore, Dettmers' et. al. study found that elevated levels of negative emotions influence students' amount of effort and disengagement from study, to predict negative achievement in mathematics.
Academic emotions and the Control-Value Theory of Achievement Emotions
The Control Value of Achievement Emotions (CVTAE; Pekrun, 2006) builds upon classical theories of emotions, such as expectancy-value (Pekrun, 1992; Turner & Schallert, 2001 ), transactional approaches (Lazarus & Folkman, 1984) and attribution theory (Weiner, 1985) . It also builds upon contemporary models of emotions and their effects on performance (Fredrickson, 2001; Pekrun et al., 2002; Zeidner, 2007) . However, CVTAE goes beyond these approaches by placing the emotional experiences in achievement situations, which helps to distinguish between two types of emotions: activity and outcome-related emotions . For instance, boredom felt while attending lectures is an activity emotion; and anxiety anticipated towards the exam is an outcome-related emotion. Pekrun (2006) follows contemporary theories on process emotions (Scherer, 2005) , to describe emotions as "sets of interrelated psychological processes including affective, cognitive, physiological and motivational components" (Pekrun et al., 2011, p. 37) . For example, being uneasy, worrying, being aroused, or wishing to quit a course, reflect these different components within an emotion.
The CVTAE further depicts emotions as having a valence. In this respect, emotional valence can be either positive (enjoyment) or negative (anxiety, hopelessness, boredom). Beyond this distinction, an important attribute of academic emotions in the CVTAE is the situational context, in which the emotional experiences are contextualized over different achievement situations within a course: being in class, taking exams and studying outside of class. To summarize, academic emotions can be described in terms of: 1) activity or outcome, dependent upon their focus; 2) valence, as either positive or negative emotions, and 3) situational context, depending on the different settings of a course in which emotions are experienced (in class, while learning, or while completing an exam). Finally, CVTAE proposes that academic emotions predict learning related behaviors (such as learning strategies), which in turn influence achievement outcomes.
Learning-related emotions and achievement outcomes
According to Pekrun et al. (2002) , the three most important academic settings to experience emotions in a course include: 1) being in class, 2) taking tests and exams, and 3) study-ing outside of class. As a consequence, each setting is used to measure one type of emotion:
class-related, test-related and learning-related emotions. Learning-related emotions (LREs) are a particular type of achievement emotions, usually experienced in learning situations outside classroom instruction, such as studying or doing homework (Goetz et al., 2012; Pekrun et al., 2002; Pekrun et al., 2011) . While other emotional settings, such as taking texts/exams, have been extensively studied, few studies have investigated situations that occur outside the class (Linnenbrink, 2006; Schutz & Pekrun, 2006; Trautwein et al., 2009 ). An exception is research on test emotions, (test anxiety in particular), where accepted interventions are helpful in training students to deal with their negative emotional states before or during the exam (Ergene, 2003) . While this approach helps students manage negative emotions and clearly benefits the learner in the limited setting of an exam, its scope does not capture the full experience of the learning process for the duration of a full-length course. In order to get more insight into students' emotional experiences outside of the exam situation, investigating the learning situation within a course is needed. In this context, LREs are of particular relevance given their substantial relation with achievement outcomes as shown in correlations as high as r = .41 (Goetz et al., 2012) . In addition, learning in this setting (e.g. while preparing homework) evokes stronger negative emotions when compared, for example, with the emotional experience of learning in the classroom (Verma et al., 2002) . To capture more of the students' emotional experiences within the different learning settings encountered in a course, our study links learning-related emotions and achievement outcomes at the course level. To address this issue we excluded test and class-related emotions and focused solely on the emotional experience of studying outside the classroom, either during individual study or when preparing homework.
Empirical evidence linking learning-related emotions and achievement outcomes
Earlier advances have supported the influence of emotional experiences on academic performance by providing empirical evidence with a main focus on domain differences (Leone & Richards, 1989; Verma et al., 2002) . More recently, the focus was brought on structural relations between different types of academic emotions and achievement outcomes (Dettmers et al., 2011; Goetz et al., 2012; Goetz et al., 2013; Stephanou, 2011) . This recent research discusses students' emotional experiences during mathematics homework (Dettmers et al., 2011; Goetz et al., 2012) . Generally speaking, the homework assignments are considered "emotionally charged activities" (Dettmers et al., 2011, p. 25) , where students seem to experience the most unpleasant emotions when compared with other academic situations (Leone & Richards, 1989) . For instance, Dettmers et. al. (2011) focused on the experience of unpleasant emotions during homework and demonstrated how elevated anxiety and boredom levels shape effort and disengagement in study, to predict negative achievement in mathematics. Dettmers et al. study, conducted in a sample of 9 th and 10 th grade students, found correlation between unpleasant emotions and mathematics achievement in the range of r = -.14 to r = -.26. Similar values were displayed by Goetz et al. (2012) in a sample of 11 th grade students:
the range of correlations between homework emotions and mathematics achievement was between r = .03 and r = .41. Overall, these studies have shown that LREs are able to predict course achievements in primary (Leone & Richards, 1989; Verma et al., 2002) and secondary education (Dettmers et al., 2011; Goetz et al., 2012) . To our best knowledge, LREs in the first year of university have received little attention Tempelaar et al., 2012) despite their potential to predict achievement outcomes. There remains a window in the first year of university in which more empirical evidence could be added on the role of LREs in predicting achievement outcomes (Beard, Clegg, & Smith, 2007) . This is especially relevant now, when the study of students' emotional experiences and coping strategies still forms an almost neglected field (Linnenbrink-Garcia & Pekrun, 2011) .
This study
Building on Pekrun's framework, we focus on four academic emotions experienced in learning-related situations: the positive emotion Enjoyment and the negative emotions Anxiety, Boredom and Hopelessness. Class-related emotions and test emotions were deemed to be beyond the scope of our study, as learning Enjoyment, Anxiety and Boredom are shown to be particularly salient in academic settings (Goetz et al., 2006) .
Aim
The present study examines the predictive value of four learning emotions -Enjoyment, Anxiety, Boredom and Hopelessness -on two achievement outcomes within a mathematics and statistics course: 1) participation in the final exam and, for those students who attended the exam, 2) explain their performance in the course.
Hypotheses
Previously, research has shown that negative LREs have a strong impact on academic performance in mathematics and statistics domains (Dettmers et al., 2011) as well as other subjects Trautwein et al., 2009) . Furthermore, in introductory courses, negative emotions are able to predict student withdrawal at the course level (Ruthig et al., 2008) . In particular Hopelessness, a "neighboring emotion" of Anxiety, has shown high correlation with achievement outcomes and an ability to longitudinally predict disengagement from study (Pekrun et al., 2002 . In line with these previous findings, we hypothesize the four LREs to have an influence on two achievement outcome in a course: 1) on the participation in final exam and, for those who participated in the exam, 2) on their overall performance in the course. We formulated the following hypotheses:
H1. Students who were absent for the exam show less learning Enjoyment, more learning Anxiety, more Boredom, and more Hopelessness than the students who attended the exam.
H2. The positive emotion enjoyment, has a positive influence on students' performance; the negative emotions, anxiety, boredom and hopelessness, have a negative influence on performance.
Method

Participants
The sample consisted of first year university students (N = 2337), enrolled in an un- 
Setting
The program offered by this school has two main characteristics: first, it has a strong international focus which is reflected in a high proportion of students with an international background and, in English being the main language of instruction. Second, the university uses Problem-Based Learning (PBL) as its leading educational approach (Barrows & Tamblyn, 1980) . PBL involves students working in small groups to solve problems under the guidance of a tutor (Wilkerson & Gijselaers, 1996) . While PBL is the dominant mode of instruction, in a limited number of courses, the tutorial groups are supplemented by traditional lectures. The course chosen as a setting in the present study, Quantitative Methods I (QM I) represents a combination of both educational approaches. QM I is a compulsory introduction to mathematics and statistics, in which students from both Economics and International Business tracks enroll. The course is scheduled in the first term of the academic year, and is the first of a series of required courses in our faculty. It has a duration of eight weeks (out of which, seven weeks are scheduled for education and the last week is reserved for exams). In weeks three, five and seven of the course, voluntary math and statistics quizzes are planned which, if performed successful, would add a bonus score to the final course grade. Every week, students are expected to prepare homework assignments which, if solved, grant students some bonus points. This course has a high audience (approximately 1000 students each year) and is notoriously known among new students for two main reasons. First, the material is often regarded as being difficult and unattractive; mathematics concepts are difficult for students who either lack, or only have poor prior knowledge. Second, this is a key course for first years entering our faculty, as failing one of the QM courses directly implies issues of study delay in the first year at this university. These reasons, together with the fact that the design of the course remained unchanged over the years, made QM I a good candidate for testing the hypotheses assumed in our study. http://dx.doi.org/10.14204/ejrep.37.15012
Design and Procedure
In week four of the course participants completed an online questionnaire about their LREs regarding the specific subject of the course. The timing was chosen to capture sufficient experience of the learning activities. In the last week of the course students participated in the written exam. For issues of cross validation, these measurements and the timing were kept identical and repeated over three consecutive academic years in 2010, 2011 and 2012. All students included in this study provided informed consent for the use of data collected by means of online questionnaires and in order to link the data with their study results.
Variables and Measures
Learning-related emotions (LREs) were the independent variables in the present study, measured through the four learning scales, Enjoyment, Anxiety, Boredom and Hopelessness, of the Achievement Emotions Questionnaire (AEQ) developed by Pekrun et al. (2011) . Considering that LREs are a specific type of academic emotions which entail several components (cognitive, behavioral, motivational and affective), the AEQ construction takes these components into account for each emotion scale. Items were answered on a 7-point Likert scale (1 = 'completely disagree' and 7 = 'completely agree') and re-phrased to better match the subject investigated in this study. The AEQ is a self-report questionnaire with good psychometric qualities: both the factorial validity and the internal consistency of the learning-related scales of the AEQ have been evidenced in the literature . In our study, the factorial validity was acceptable (see Table 2 ), while the reliability coefficients were very good (see Table 4 ).
Student participation in the final exam was the first outcome variable, allowing for absence and attendance at the exam. Exam participation was operationalized through having obtained or lacking a grade after the first round of examinations took place.
Student achievement was the second outcome variable, measured through the official QM I grade, which was comprised of three separate parts: MathPerformance, StatsPerformance and BonusPerformance. First, the two performance outcomes
MathPerformance and StatsPerformance were assessed in a final written exam which covered a mathematics component and a statistics component, graded separately. Second, the BonusPerformance represented the sum of bonus scored in quizzes and homework. Quizzes, although optional, were available for both mathematics and statistics in an online format.
Some further bonus could be achieved by doing weekly homework, containing assignments for mathematics and statistics.
Additionally, given the strong diversity in nationalities in the current sample, a factor we accounted for was prior education. There are considerable differences in the secondary education systems, which can affect the overall performance in a mathematics and statistics course. For most educational systems, the difference is made at three minimum levels which prepare their graduates for higher education: programs aimed for arts and humanities, programs for social sciences, and programs for sciences. To enroll in an Economics or International Business track at our university, students are required to have been educated at an intermediate level, which is provided in a social sciences program. Although the required levels are assumed to be equivalent across countries, the national curricula differ based on the focus given to mathematical topics. Even within a nation, another source of diversity can be found in the type of mathematical specialization (minor and major) of student's high school education. In social sciences programs it can be expected that all students had, at minimum, a mathematics minor specialization. Last but not least, a gender gap seems to persist in secondary education with respect to higher levels of Anxiety towards Mathematics, more frequently reported by female rather than male students (Hyde et al., 1990) . This is intriguing, as no actual relevant differences between the females and males are actually documented with respect to achievement outcomes (Lindberg et al., 2010) . Given this evidence, another factor we accounted for was gender. Therefore, as control variables we included gender (Female and Male), prior education in terms of secondary education diploma (International versus Dutch Diploma or VWO) and level of introductory mathematics education (distinguishing between two tracks, MathMajor and MathMinor) to account for potential differences in students'
LREs (Pekrun et al., 2002 and when predicting achievement that might be due to prior mathematical education rather than emotions (cf. Tempelaar et al., 2012) .
Preliminary data analysis
In order to investigate the factorial validity of the four LREs assessed with the AEQ, we used confirmatory factor analysis (CFA), a latent variable approach. Prior to fitting the measurement models, we checked the assumptions of normality at item level through SPSS 21. Values of skewness and kurtosis were in the expected range of chance fluctuations in that statistic. Mplus version 7 (Muthén & Muthén, 2012 ) was used to perform CFA. Because no large departures from normality were detected, we used Maximum Likelihood estimation.
Given the relatively large sample size, we report the Chi-square/degrees of freedom ratio instead of the p-value (Byrne, 2011) , an index with a recommended value smaller than two (Schermelleh-Engel et al., 2003 Before proceeding with further analyses, another set of normality checks was run on the adjusted scales (cf. CFA,) which showed no serious departures from normality (i.e., no extreme skewness, multimodality or any extreme cases).
Testing hypotheses
H1 was investigated by means of MANOVA in which all four LREs were treated as correlated responses and absence at exam as factor. To control for gender effects, prior education, and level of introductory mathematics, we also included these variables in the MANOVAs, and the multiple linear regressions. Finally, we estimated models which included the prediction of each LRE by all demographic variables. Next, we performed a multiple linear regression to investigate the predictive value of the four learning emotions for achievement outcomes in each academic year (H2). All analyses were based on a subset of students for which background characteristics, LREs variables and performance data were all available.
This subset comprised 2337 students, 80.09% of the total of 2918 students enrolled.
Results
Tests of factorial invariance of the four LREs
Since our hypotheses proposed to test the same relations over three different time instances of the same course using the same instrument, there is an implicit assumption that the instrument structure is the same at each point of measurement. It is therefore necessary to demonstrate the factorial validity equivalence of the instruments used with each of the three measurement occasions.
For this purpose, we ran three first-order CFA models employed over the three cohorts in all academic years (2010, 2011 and 2012) . We started with confirming the theoretical model described in the original AEQ, based on 43 items serving as indicators for the four dimensions of the academic emotions. The results of this analysis are reported as basic model (A) and are presented in Table 1 . Some fit problems were found (χ 2 /df >3, CFI and TLI below 0.90). In all data sets, the factor loadings were significant (all p < .01). However, the R 2 was below .25 for two items (LJOP1D and LJOP2D) 1 . We also found high correlations (factor r above .80) between the Anxiety and Hopelessness factors, as the two are known as "neighboring" emotions and have already been shown as highly correlated (Pekrun et al., 2002 .
The correlations between the other factors though, ranged from about .40 (for Boredom and Anxiety, for example) to .60 (Hopelessness with Enjoyment). Furthermore, better fit on the separate data sets (see Table 2 ) was achieved after adjusting the model in two stages: first, by consecutively removing nine items, out of which six reflected the physiological component of each of the enjoyment, anxiety and hopelessness scales (LJOP1D, LJOP2D, LJOC2A, LJOM3A, LAXP2D, LAXP2D, LAXC3A, LHLP1B, LHLP2D). Then, following the recommended high modification indices, two residual covariance paths (LBOA1D with LBOC3D; LHLC2A with LHLC1D) 1 were added. Both LBOA1D and LBOC3D items refer to excessive boredom experienced during studying for this course;
LHLC2A and LHLC1D) describe resignation concerning the abilities to learn in the course. Table 3 gives the full overview of standardized factor loadings, factor correlations, and residual covariance paths for the adjusted model (B).
1 According to the AEQ item labels As can be seen from Table 3 , the same items load on the same factors across all cohorts. Imposing equality constraints for factor loadings across cohorts would lead to loss of fit and imply a bad fitting model rather than a more parsimonious model with a fair fit. Again, we identified high correlations (factor r above .90) between the Anxiety and Hopelessness factors. Still, the correlations between the other factors were in the range of .40 and .60. Overall, a four-factor structure according to the theoretically distinct concepts as proposed by Pekrun et al. (2002) is consistent within the course investigated in our study.
Descriptives
Before presenting the outcomes of testing the hypotheses, mean levels for the four LREs for all participants and then decomposed per gender, previous education and prior level of math are summarized in Table 4 and Table 5 . As can be seen from Table 5 , females are, on average, more anxious and more hopeless while males are more bored. Furthermore, international students enjoy the course more than Dutch students who are, on average, more bored and hopeless. Finally, having a
MathMajor level makes students enjoy more the course while feeling less hopelessness, less anxiety and less boredom towards the course than fellow students with a MathMinor prior level.
Hypothesis 1
In H1 we assumed differences in the four LREs between the students who attendedas compared to those who did not show up to the exam. Since the design was rather unbalanced with respect to the same size of the groups, we tested the equality of covariance matrices using Box's M test. Results of Box's M test (14.999) were not significant (p = 0.142) which indicated that the assumption of equality of covariance matrices was met. Results of MANOVA reveal overall significant effects (Pillai's Trace = 0.006, F = 3.571, p = 0.007) for all of the four LREs (detailed values are displayed in Table 6 ). Although of very small magnitude (partial eta-squared = 0.006), these effects are in the expected direction: on average, students who were absent at the exam enjoyed less, were more anxious, more bored and more hopeless learning for the course, than the students who attended the final exam. 
Hypothesis 2
In H2 we assumed that the four LREs are able to predict students' performance in the course. Furthermore, we expected the positive LRE of enjoyment to have a positive influence on students' performance and the negative emotions to have a negative influence on performance. Given the high correlations between Hopelessness and Anxiety, before interpreting the regression results, the assumption of non-multicollinearity was also assessed. VIF and
Tolerance statistic indicate that the results of the regression were not biased: Tolerance statistic values are above 0.20 (Menard, 1995) for all the factors, while VIF are far below 10 (Myers, 1990). We first investigated the hypothesized relations in the 2010 sample. For a cross validation, we then looked at the same relations in the following two academic years (2011, 2012) . The results of the multiple linear regression analyses as well as of the simple linear regression are presented for each academic year in Table 7 , Table 8 and Table 9 
Discussion
This investigation extends the scope of previous research in primary and secondary education (Dettmers et al., 2011; Goetz et al., 2012; Trautwein et al., 2009 ) to look at the role of learning-related emotions in predicting achievement outcomes in the first year of university. To our best knowledge, only few studies in first year samples tried to prove similar relations (Tempelaar et al., 2012; . Most notably, we found that learning hopelessness, together with a previous mathematics background, are able to predict substantially academic achievement. Furthermore, this relation was confirmed over different cohorts in three consecutive academic years. The fact that having a previous mathematics background enables students to obtain a higher grade is (Alexander, 2005; Tempelaar et al., 2012) . However, showing a negative emotion, Hopelessness, as the strongest predictor of academic achievement is an important outcome that deserves further elaboration.
On one hand, it aligns with the studies of Dettmers et al. (2011) and Trautwein et al. (2009) which showed that indeed negative emotions during homework predict negative achievement.
On the other hand, it differs from these studies in two regards: these authors used either single items (Dettmers et al., 2011) or a composite measure of negative emotions including anger, anxiety and boredom (Trautwein et al., 2009) . We show that discrete learning hopelessnessmeasured with multiple items -are the strongest factor for achievement in mathematics and statistics. One aspect to stress is that even though high correlations were found between the hopelessness and anxiety factors (at all-time points), the chance of a suppression effect was rejected by additional analyses which showed no real concern of multicollinearity in the data.
Consequently, as not all factors had the same influence in predicting achievement -and since learning hopelessness was shown to have the strongest contribution -future efforts should assess particularly this factor in mathematics and statistics courses.
Next, we looked at differences in LREs between students who attended, as compared to those who were absent for the first round of final examination. In line with earlier studies (Ruthig et al., 2008) , we found that students who were absent for the exam experienced less enjoyment, more anxiety, more boredom and more hopelessness than the students who attended the final exam. What is particularly relevant is that these differences were already visible in week four, half-way through the course. This knowledge offers the opportunity to intervene early in an educational setting, using these emotions as potential indicators for early withdrawal at the course level.
Finally, some methodological concerns should be outlined. First, while confirming the theoretical model described in the original AEQ posed some fit problems, a better fit on the separate datasets was achieved after removing a set of items. Most of these items were reflecting a physiological component within an emotion. We consider this modification reasonable for the context of learning outside the classroom in a mathematics and statistics course: certain emotional components, such as the cognitive, affective or motivational, could play a more important role in the emotional experience of learning than the physiological one. More explicitly, "getting physically excited when the QM course is going well" or "when the QM course is going well, it gives me a rush" might not be the most relevant items -in terms of describing the particular emotional experience of learning in this course. From a methodological point of view, it further indicates that the choice of items made to accurately capture students' emotional experiences should depend on the particular context in which a student is placed within a certain course (such as learning while doing homework as compared to taking an exam). Second, concerning the factorial invariance of the instrument, we found that a fourfactor structure according to the theoretically distinct concepts as proposed by Pekrun et al. (2002) was stable within the subject of Mathematics and Statistics. Since we focused on discrete LREs, we observe a consistent finding across all time points: the co-occurrence (factor r above .90) of the Anxiety and Hopelessness factors. In our sample, this could be explained by conceptual differences in the emotional components (physiological, affective, cognitive and emotional) -which were not taken into account in the original item construction . To date, previous studies testing the divergent validity of these two emotions argue that while anxiety is characterized by motivation to avoid failure, hopelessness shows low motivation and resignation . At last, such a finding can be explained by the fact that both concepts fall under the same category of low control emotions (Scherer, 2005) .
Limitations and further research
Our study used an ecological design to make a good case for the value of LREs as predictors of academic achievement in a mathematics and statistics course in the first year of university study. The design included a large sample and an instrument with confirmed validity and reliability. However, as with any new design, some limitations exist.
First, for the prediction of achievement outcomes, we only focused on average effects in our sample. Such an approach overlooks the amount of intra-individual variability and therefore does not take into account the individual differences in academic performance. Future studies that aim to go beyond the group level of predicting achievement should employ a design able to capture such information.
Second, we measured LREs midway through the course, assuming that they would remain relatively stable. Although students need a minimum period to get an impression of the new educational environment, we cannot be sure whether assessing their emotional experiences earlier in the course could have also proven to be useful for a reliable prediction of outcomes. Future research could make use of an earlier assessment and test the individual stability of students' emotional experiences; this could be used to longitudinally predict if students will attend the final exam and, for those who will, explain their performance in the course.
Third, we referred to only one course to draw our conclusions concerning the relation between LREs and achievement. To further show that this is indeed specific for particular academic subjects, such as Mathematics and Statistics, the same relation should be replicated over different academic subjects and across more student samples.
Recommendations for educational practice
The results of this study become particularly relevant when considering how they can be translated into everyday practice. Accordingly, this could help both students as well as educators in participating to-and co-creating what has been previously referred to as "emotionally sound" educational environments (Astleitner, 2005) . One example is a recent study by Paoloni (2014) , which suggests implications for practice at various levels involving: studnets'cognitive or motivational resources and self-regulation and feedback processes. In order to address such educational goals, we suggest two main practical recommendations which are based on our findings.
The first finding refers to the role of hopelessness in how students perform academically. From this perspective, educational interventions could focus particularly at decreasing its intensity -as early as possible in a course -as hopelessness is an outcome-focused, prospective emotion which needs time to develop over a course. There is consensus that emotions can be influenced through their antecedents , so hopelessness could be indirectly targeted at this level. For instance, Tempelaar et al. (2012) study focused on epistemological views about effort in mathematics and statistics course -a component of the implicit theories of intelligence model (Dweck, 1999) -as distal antecedents of achievement emotions (Tempelaar et al., 2012) . They concluded that negative effort views -the belief students hold towards exerting effort as something which signals lacks of intelligence, therefore negative -had a substantial impact on learning hopelessness (as expressed in a β estimate of .86). Effort beliefs however, are in Dweck's (1990) view still malleable and can be intervened upon. Future interventions could address such an antecedent, in an effort to prevent the development of hopelessness over a mathematics and statistics course.
The second finding refers to the role of previous knowledge, having a mathematics major or minor background, in how students perform in the course. In this respect, effective interventions are known in helping students' performance by improving their prior knowledge (Rienties et al., 2008) . Rienties et al. (2008) designed a series of online remedial programs especially for prospective first year students at university. One of these interventions was conducted in a mathematics course and showed that it is possible to improve deficient prior knowledge of students before entering the university. The effects were shown on both short term in student performance in the course, and on long term on study success in the first year at university. Educational practice could adopt such programs given their proved effectiveness in improving student success as well as for their cost-effectiveness.
Conclusion
Our study draws upon previous research using the CVTAE to show the value of learning-related emotions as predictors of achievement outcomes in a mathematics and statistics course. We found the four LREs investigated here, as well as a mathematics background, as useful predictors for the exam scores. In particular, negative achievement was mainly predicted by the negative emotion hopelessness. Knowing this course took place in a period of transition -the first year of university study, together with the fact that absent students experienced more unpleasant emotions than students who participated in the exam, points to an early identification of these student characteristics as potential indicators for early withdrawal at the course level. Beyond the prevention of student withdrawal, our study suggests theoretically-and empirically-proven possibilities for improving success in the first year at university study.
